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Mississippian carbonate strata of the midcontinent contain prolific oil and gas reservoirs. 
Production from these carbonates has been primarily from two reservoir types, the Mississippi 
“chat” and recently denser chert-rich mudstone intervals. The“chat” interval is a high porosity 
chert residuum  associated with the both the Osagean and basal Pennsylvanian unconformity. 
The distribution of the “chat” reservoir is discontinuous and heterogeneous. Recent horizontal 
drilling successes have reinvigorated academic and industry interest in the Lower Mississippian. 
Much of the activity is now targeting lower porosity, cherty, mudstone intervals of the Reeds 
Spring and Cowley Formations, which were previously considered to be non-economic.  
The study area lies along the shelf edge and slope margin near the Kansas-Oklahoma 
border comprising all or parts of Alfalfa, Grant, Kay, Woods, and Garfield Counties, Oklahoma. 
The dataset totals 150 wells with raster image logs. Gamma-ray, resistivity, microlog, 
photoelectric effect and density logs were all used to make stratigraphic correlations. Reservoir 
intervals occur near sequence-bounding unconformities that were exposed at periodic lowstands 
at the top of transgressive-regressive sequences, however, the spatial position and quality has not 
been well understood in north-central Oklahoma. The purpose of this study is to compile a high 
resolution sequence stratigraphic study of the Mississippian section from the shelf edge near the 
state line and south toward the distally starved basin. 
Mississippian subcrops are a succession of prograding clinoforms. The compartments are 
interformational units within the Reeds Spring and Cowley Formations that are individually 
correlatable. The best quality reservoir is at the tops of shallowing upwards cycles below third 
and fourth order unconformities. Episodic subaerial exposure provided numerous opportunities 




reservoir potential in the study area, which differ from conventional chat reservoirs. Reservoir 
quality clinoforms usually occur near the paleo shelf edge as this was an ideal environment for 
secondary porosity development during lowstands.  Porosity decreases basinward within the 
wedges and with depth beneath sequence boundaries. Documentation of the spatial extent and 
quality of reservoir clinoforms within the Lower Mississippian adds value to the exploration and 
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CHAPTER 1 INTRODUCTION 
1.1 INTRODUCTION 
Mississippian reservoirs of the midcontinent, are primarily chert-rich, Osagean and 
Meramecian carbonate strata below the basal Pennsylvanian unconformity. These units have 
been prolific oil and gas producers in north central Oklahoma and southern Kansas (Watney st 
al., 2001). Over 278 million bbl of oil and 2.4 tcf of gas in Kansas (Watney et al., 2001) and 105 
million bbl of oil and 1 tcf of gas in Oklahoma (Rogers, 2001) have been produced. There are 
conventional and unconventional targets within the Mississippian section. The conventional 
reservoirs produce from diagenetic “chat” which has porosities up to 25% and permeability up to 
500 md (Watney et al., 2001; Mazzullo et al., 2009). The unconventional reservoirs produce 
from less porous autoclastic chert and fractured lime mudstone (Rottmann, 2011). 
Historic Mississippi “chat” fields are juxtaposed to the Late Mississippian and Early 
Pennsylvanian structures in Kansas, such as the Central Kansas Uplift, the Pratt Anticline, and 
the Nemaha Uplift (Figure 1). Consistent production from these reservoirs has been a great 
challenge due to reservoir compartmentalization and a complex diagenetic history. As a result, 
most of the vertical drilling activity in the Mississippian fields had reached a period of 
quiescence by the mid-1980s (according to Drillinginfo.com). In Kansas, one of the conventional 
producing lithologies is a spiculitic chert reservoir below the Mississippian-Pennsylvanian 
boundary. The down-dip age equivalent formation is the Cowley facies. This lower porosity, 
bedded chert interval, is called the Burlington Keokuk and Reeds Springs Formations in northern 
Oklahoma (Watney et al., 2001). In the past, this lower porosity reservoir unit was commonly 
bypassed because of its lower matrix porosity and permeability. The prominent subsurface extent 
of this section and its high silica content has made it attractive as an unconventional horizontal 
drilling and hydraulic fracturing target (Mazzullo et al., 2009).  The drilling and completions 
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activity in this interval has become a resource play called the Mississippi Lime (O’ Donell, 
2012).  
1.2 PREVIOUS WORK 
 Mississippian subcrops and related chert reservoirs have been extensively studied and 
drilled in the mid-continent region over the last three quarters of a century. Early phase studies 
were mainly about paleogeography, the position of the shelf margin and regional depositional 
and stratigraphic framework (Laudon, 1939; Merriam and Goebel, 1951; Gutshick and Sandberg, 
1983).  It was recognized early that the Mississippian System in the mid-continent has a complex 
post-depositional history (e.g., subaerial exposure uplift and diagenesis) (Watney et al., 2001). 
More recent studies have focused on reservoir development, diagenesis history, and reservoir 
characterization of the Mississippi “chat” and the Mississippi Dense. Fritz and Medlock (1995) 
and Rogers and Longman (2001) recognized the significance of the sequence stratigraphy and 
unconformity related exposure events to reservoir potential of chert reservoirs of the 
midcontinent. Montgomery et al, (1998) differentiated the term “chat” into three distinct types of 
chert reservoir facies that have different origins and ages. Watney et al., (2001) characterized the 
Mississippian “chat” in south central Kansas and studied eight major chat fields that flank the 
Central Kansas Uplift and the Pratt Anticline. Among many important conclusions, they suggest 
that shallowing upwards cycles, subaerial exposure and meteoric water influx are key in creating 
“chat” reservoirs. Rogers (2001) proposed a depositional and diagenetic history model for two 
different types of “chat” lithologies near the Nemaha Uplift in northern Oklahoma. Pre-chat 
facies must be deposited and/or transported below wave base for silica replacement, and later be 
above or near sea level for creation of secondary porosity by meteoric water dissolution 
processes (Rogers, 2001). Mazzullo et al., (2009) suggest a depositional model with 
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progradational wedges of transported carbonates a non-rimmed open shelf edge and slope in 
southern Kansas and northern Oklahoma. Their studies are specifically focused on the reservoir 
potential of the Cowley Facies and Reeds Spring Formation based on extensive core descriptions 
and outcrop analogs. The reservoir potential of a less porous chert mudstone facies of the 
Mississippian has been recognized and a new updated depositional facies model has been 
proposed.  
Recent Masters Theses at the University of Arkansas have studied Lower Mississippian 
reservoirs of the midcontinent. Kreman (2010) performed a subsurface stratigraphic study of the 
Lower Mississippian section in the Cherokee Platform Province of northeastern Oklahoma. The 
study found evidence of aggradation and progradation in the Kinderhookian and Osagean 
carbonates reaffirming the outcrop studies of Mazzullo et al., (2009). Friesenhahn (2012) 
performed a reservoir characterization particularly focusing on the unconventional Reeds Spring 
Formation. The middle member of the Reeds Spring was determined to have the greatest 
reservoir potential, through use of an unconventional petrophysical technique. This study was 
conducted in Osage and Kay Counties Oklahoma, within the Cherokee Platform Province.    
1.3 PURPOSE AND SCOPE 
Advances in drilling and completion technology over the past decade have revitalized 
interest in domestic oil and gas exploration. This is especially true in the mid-continent region. 
Traditionally, the Mississippian Lime production was only successful in “chat” reservoirs 
flanking structures. Conventional “chat” reservoirs have porosities well above 25% and 
permeability up to 500 md (Rogers, 2001), even then, most of the exploitation of the 
conventional chat was marginally economic (Manger and Evans, 2012). Watney et al. (2001) 
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described the down dip equivalents of the “chat” as unproductive mudstones. In April 2007, the 
Howell 1-33H was brought on-line with initial production of 441bbl/day and 55mdfd by 
Chesapeake Energy Corporation. This well drilled in Woods County was completed with a 15% 
HCL, 1,017,608 BW and 30/70 sand frac job in the Mississippi Lime interval. This well is the 
first success story that set off a horizontal drilling boom that became   the Mississippi Lime play 
(Manger and Evans, 2012). This exploration and development phenomenon began to exploit the 
less porous strata that were deposited in lower energy environments and less influenced by 
prominent structural features.  
Although the reservoir potential of the slope deposits has been recognized, there has not 
been a detailed stratigraphic study performed in north-central Oklahoma, west of the Nemaha 
Ridge and extending southward from the shelf edge. Mazzullo et al, (2009) proposed that the 
transported carbonates originate from the shelf edge to the north, the Nemaha Ridge in the east 
and the Pratt Anticline in the west based on subsurface data from Kansas. This study tested this 
depositional model to determine the stratigraphic relationships of the potential reservoir units and 
their context in a sequence stratigraphic framework, including the relationship of transgressive- 
regressive cycles to the formation of reservoir intervals and their location, thickness, and quality 
within the study area. The conclusions of this study will have implications on the sequence 
stratigraphic architecture and exploration and production potential of north-central Oklahoma. 
1.4 STUDY AREA & DATASET 
 The study area lies within the Anadarko Shelf geologic province southeast of the 
Hugoton Embayment and west of the Cherokee Platform (Figure 1). Regional structures active 
during the Mississippian in the study area include the Pratt Anticline in the west, and the 
Nemaha Uplift in the east, which divides the Anadarko Shelf from the Cherokee Platform 
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Watney et al., (2001). Two scales of investigation are used in this study:  Fine scale, sub-regional 
sequence stratigraphic mapping for this study is within the area indicated by the red outline 
polygon of Figure 1.  Larger scale, regional interpretations are within the blue outline polygons 
of Figure 1, and include Alfalfa, Grant, Garfield, Kay, Major, Woods Counties and parts of 
surrounding counties. 709 wells with raster well logs reside in the project area, and they are the 
main investigative tool used for analysis. Most of the logs contain the traditional “triple combo” 
gamma-ray, resistivity and porosity logs, with some wells containing additional logs, such as the 






























































CHAPTER 2 GEOLOGIC SETTING 
2.1 GEOLOGIC SETTING 
Four primary sedimentary sequences are represented in the Anadarko Basin; the Sauk 
Cambro-Ordovician Arbuckle Group, the Tippecanoe Ordovician Viola Group, and Siluro-
Devonian Hunton Group, and the Kaskaskia Mississippian Osagean-Meramecian-Chesterian 
limestone sequence (Fritz and Medlock, 1995). During the Upper Devonian, sea level reached a 
maximum transgressive phase during which the organic rich Woodford shale was deposited. 
Near the end of the Devonian, the anoxic seas retreated and a regressive maximum was reached 
that ended the Devonian Period. Transgression marked the onset of the Early Mississippian, and 
flooded the mid-continent region with shallow well-oxygenated seas (Northcutt et al. 2001). 
Mississippian carbonates of this period are typically composed of cherty limestones and 
dolomites interbedded with grainstones and marls (Fritz and Medlock, 1995). The study area was 
located approximately on the shelf margin and slope environment of deposition during the 
Mississippian Period (Figure 2). The shelf margin was a zone of accumulation of prograding 
carbonate sediment from the shelf during most of Mississippian time. Deposition on the shelf 
and shelf margin was punctuated by regressive cycles, allowing for multiple episodes of 
subaerial exposure (Mazzullo et al., 2009; Watney et al., 2001). In this project, I will focus 







Figure 2. Osagean Paleogeography and Magnafacies distribution of the southern midcontinent 
region. The approximate limits of the study area are indicated by the red rectangle. The study 
area encompasses environments of both the shelf margin and starved basin during this time (after 




2.1.2 TECTONIC HISTORY AND MAJOR STRUCTURAL FEATURES 
  During the Early- to Middle- Cambrian, rifting associated with the Ouachita fold belt 
began to form the southern Oklahoma Aulacogen. After the rifting phase ended, the area was 
mainly controlled by thermal cooling, which formed the Anadarko Basin. The Anadarko Basin 
of the midcontinent is the deepest Phanerozoic sedimentary basin in the North American craton 
(Perry, 1989). The greatest subsidence was near the aulacogen and radiated northward. During its 
entire history, the Anadarko basin has rarely been a topographic feature, therefore most of 
sedimentary rocks within basin are of marine origin (Perry, 1989).  The major active structural 
features that influenced deposition and erosion of Mississippian rocks of the study area include 
the Nemaha Ridge and the Pratt Anticline. The area between the Nemaha Ridge and the Pratt 
Anticline is the Anadarko Shelf in north-central Oklahoma and the Sedgwick Basin in South 
Central Kansas (Johnson, 2008). The Nemaha Ridge is a 25 mile wide, transtensional graben 
with an inverted, horst block core. Its most prominent subsurface relief in the study area is  in 
Grant and Noble Counties, Oklahoma, and its effects diminish to the south where it eventually 
terminates against the Oklahoma megashear (McBee, 2003). The feature is exposed to the 
surface in southeastern Nebraska and plunges south and slightly west. A series of structural and 
stratigraphic traps as well as migration pathways that developed on faults are present along the 
uplift zone, which fundamentally control the distribution of a major portion of the hydrocarbon 
reservoirs within the mid-continent (Dolton and Finn, 1989).  The Pratt Anticline is a 
southeastern plunging structure that is an extension of the Central Kansas Uplift. Similar to the 
Nemaha Ridge, many “chat” reservoirs occur in an arcuate fairway along the flanks of this 
anticline. Most of the Mississippian strata in north-central Oklahoma were heavily eroded during 
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the Pennsylvanian. Potentially, the erosion process was mainly controlled by those structural 
uplifts in Late Mississippian and Early Pennsylvanian time.  
2.1.3 STRATIGRAPHY   
The Mississippian stratigraphy of the study area is shown in Figure 3. The Kinderhook Shale 
is the basal shale of the Mississippian. It is light grey to black and less radioactive than the 
Devonian Woodford shale, which it overlies. The Kinderhook shale is quartz rich and influenced 
by siliciclastic input. The shale is the only Kinderhookian subsurface unit that does not have an 
outcrop equivalent in northwest Arkansas and southern Missouri (Mazzullo et al., 2009). The 
Compton Formation is the oldest member of the St. Joe Group. The Formation   is a clean 
resistive limestone. The middle unit of the St. Joe Group is the Northview Formation, this 
Formation is a calcareous siltstone to shaly siltstone. The Northview is absent in the east and 
thickens to the west, reaching a thickness of over 130ft in Woods County. Mazullo et al. (2009) 
proposed that the Northview Formation may have lateral facies changes to Compton-like 
lithology in more oxygenated settings. The Pierson Limestone overlies the Northview shale; this 
transgressive lime is less clean than the Compton. The Pierson commonly has a condensed 
section at its top, dividing it from younger Osagean strata. The Reeds Spring Formation is a mud 
supported grainstone that represents the maximum flooding interval during the Osagean Series 
(Friesenhahn, 2012). The Reeds Spring can be a clean limestone or clay-rich, with varying 
amounts of chert content. It is generally chert-rich as the slope environment of deposition was at 
optimal depths for penecontemporaneous chert. The Cowley Formation is the platform 
equivalent with the Reeds Spring. It is a demosponge spicule-rich cherty lime wackestone to 




Figure 3. True vertical thickness isopach map from top Mississippian to top Kinderhook Shale. Thinner areas are found juxtaposed to 
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Figure 4.  Stratigraphic hierarchy and systems tracts during the Kaskaskia II sequence. Type log 
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CHAPTER 3 METHODS 
3.1 METHODS 
 This study follows a standard subsurface stratigraphy study procedure.  Figure 5 
illustrates a generalized workflow for the project. More detailed information related to the 
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3.2 INTEGRATION OF REGIONAL STRUCTURAL FEATURES 
 To precisely correlate subsurface stratigraphic relationships it is necessary to know the 
geographic position and relative timing of regional structural features within and adjacent to the 
study area. Johnson (2008) and Rogers (2001) were adapted to delineate the geographic position 
of structural features in and around the study area (Figure 1). Stratigraphic interpretations fall 
into context with the regional structural framework built within the geodatabase. 
3.3 LOG ACQUISITION AND IMPORT 
Previous Masters Theses by Friesenhahn (2012) and Kreman (2011) from the University 
of Arkansas have built a geo-database in the geologic interpretation software, Petra. This study 
expands the data limits of the previous project to the west. Well log data were added for this 
study in order to accomplish its goals. Two main sources of log data were used: Lawco 
Corporation, Bentonville AR, and Drillinginfo.com.  Raster well log data had to be mined from 
Drillinginfo.com and imported into Petra. Thomas Cahill, who will be continuing work in the 
study area, assisted me greatly in this process. Qualifying criteria were established for well logs 
to be considered for use in the dataset, and a workflow was developed for efficient acquisition 
and import of relevant well log data. These criteria include: logged later than 1998, contains the 
full Mississippian section between the Devonian/Mississippian and the 
Mississippian/Pennsylvanian unconformities, has at least gamma-ray, resistivity and 
density/porosity logs (preferably also having photoelectric effect and Microlog).   
The workflow evolved during the completion of the study, however, a sensible order 
emerged relatively soon with respect to mining data for the project. First, well logs were 
searched for using the well log search tool of Drillinginfo.com. Drillinginfo.com does not have 
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the capability of searching for logs that contain certain stratigraphic intervals, it does however 
allow searches by well type. Salt water disposal wells (SWD) in north-central Oklahoma are 
almost always drilled to the Arbuckle Formation which is stratigraphically below the 
Mississippian. Therefore, SWD well logs were queried in the area of interest (AOI) because they 
always contain the full Mississippian section, if logged. Well logs that met the criteria were 
downloaded with their associated well header and location information. This information was 
then imported into the Petra program, and the well logs were depth calibrated in order to ready 
them for well-log correlation. Once the general measured depth of the Mississippian complete 
section was established throughout the study area, non-SWD well logs were queried in specific 
locations using a specified log depth interval search tool, and then added to the database in order 
to improve well control. 
3.4 FORMATION PICKING CRITERIA 
  In order to create the most accurate stratigraphic interpretation, well-log formation 
picking criteria were adopted from literature and industry formation tops.  Mazzullo et al. (2009) 
provided a basis for picking the St. Joe Group and defining the top of the Osage. Industry picked 
formation tops were used to define the major formation tops, such as the Mississippian, 
Kinderhook shale, and Woodford. Interformational picks between these picks were largely 
developed by observation and were most commonly identified as high frequency unconformity 






3.5 ASSUMPTIONS USED IN SEQUENCE STRATIGRAPHIC STUDY 
 Several assumptions of well log signatures and sequence stratigraphic indicators were 
developed in the study for well log correlation. First, thin intervals of high radioactivity within a 
calcareous dominated section were interpreted as condensed sections during transgression, often 
as transgressive surfaces themselves. Second, decreasing gamma-ray radiation values upwards in 
the logs were interpreted to be shallowing and or coarsening upwards sequences. Third, changes 
in photoelectric effect were used to identify changes in carbonate or chert lithology, where the 
gamma ray log is not indicative of lithologic change. Fourth, major formation picks and 
interformational units were always confirmed by a recognizable change in three log types or 
more. Fifth, reservoir intervals were identified with resistivity, porosity and micro-logs. The 
following assumptions were applied for interpreting sequence stratigraphic relationships: (1) 
Facies of coeval transported carbonate strata were expected to appear more radioactive and 
condensed towards the basin direction; (2) Clinoforms of transported carbonate are expected to 
be thickest just below the margin of the shelf edge (foreset) and thinner in the basinward 
direction (bottomset). (3) Chert content of coeval strata is expected to be variable due to the 
selective nature and depositional environment and diagenetic dependency of silica replacement. 
(4) Condensed sections and shallowing upwards cycles are used to identify time stratigraphic 
surfaces and high-frequency sequence boundaries. (5) The Pennsylvanian Big Lime Formation 
and Kinderhookian Northview Formation are used as stratigraphic datums for cross-sections. The 
Big Lime Formation is approximately 300ft above the top of the Mississippian, and is easily 





CHAPTER 4 STRATIGRAPHY OF THE KINDERHOOKIAN AND LOWER OSAGEAN 
4.1 SEQUENCE STRATIGRAPHIC OVERVIEW 
The sequence stratigraphy of the Late Paleozoic is well documented in the Mid-Continent 
region. The Mississippian Period took place in the Kaskaskia first order megasequence.  The 
Kaskaskia II second order super sequence encompasses the Mississippian Kinderhookian and 
Osagean-Meramecian-Chesterian Limestone sequence(Fritz and Medlock, 1995). The Kaskaskia II 
sequence contains two third order cycles within it, and is the primary sequence looked at within this 
study (Sloss,1963). The boundary between the Devonian and Mississippian is defined by the contact 
of the upper Woodford shale and the basal Kinderhook shale. This contact marks the beginning of the 
Kaskaskia II second order sequence (Figure 6). The second order cycle encompasses most of the 
Mississippian System and is dominantly regressive. The first systems tract of the second order cycle 
is transgressive and the maximum flooding interval is reached in early Osagean time during the time 
of Pierson Formation deposition. The maximum flooding interval observed in the early Osagean 
marks the beginning of the regression that persists throughout the rest of the second order sequence. 
There are two third order transgressive-regressive cycles, the first of these cycles ends in the late 
Osagean ~340Ma. This maximum regressive surface is very important with respect to exposing the 
cratonic shelf subaerially. There are approximately 11 fourth order cycles within the Mississippian, 
they have a periodicity of ~3.6Ma until late Chesterian time, when transgressive rates slow. These 
rapid transgressions and regressions have far reaching impacts on the depositional style, diagenesis 
and reservoir forming processes. A type one unconformity ends the Kaskaskian II sequence and is 
the boundary between Mississippian limestone and overlying siliciclastic Pennsylvanian strata. The 
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Figure 6.  Global Late Paleozoic Cyclicity (modified from Lowell Waite, Pioneer Natural 




























































































































































































































































































































































Figure 7: Two type logs of the dataset show the 
stratigraphic units evaluated in the study. Orange 
horizon = Pierson, Brown = Northview and Light 
Blue = Compton 
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4.1.2 STRATIGRAPHIC NOMENCLATURE STATEMENT 
A stratigraphic zonation system was implemented within the study area. Two type logs of the 
dataset and the formation tops used in this study (Figure 7). Formal formation names used in this 
study are: Kinderhook shale, Compton, Northview and Pierson Formations. Informal designations for 
strata younger than the Pierson Formation are used in this study reflect  multiple 
penecontemporaneous wedges of Osagean to Meramecian age within the study area, which cannot 
always be log differentiated. There are several formation names that refer to coeval strata that have 
very similar lithologies. For example, the Cowley Formation and Reeds Springs Formation are both 
similar bedded chert and calcisiltite mudstones deposited on the slope margin setting. Another 
problem is having one formation name that refers to two very different lithologies deposited in 
different environments. For example, the Meramecian Warsaw Formation is a limestone in the 
subsurface of southcentral Kansas, but its type locality in Illinois is a shale (Walter Manger, personal 
communication). A secondary reason for formally referring to the St. Joe Formation names and not 
the Reeds Spring and younger strata is this: St. Joe strata were largely deposited by vertical accretion. 
The units are very persistent and do not have dramatic clinoform geometries like the Osagean and 
Meramecian strata do.  
4.2 STRATIGRAPHY OF THE KINDERHOOKIAN AND LOWER OSAGEAN  
4.2.1 KINDERHOOK SHALE 
 The Kinderhook Shale is the basal shale of the Mississippian sequence. It lies 
unconformably upon the Devonian Woodford Shale.  Anoxic seas retreated in the Upper 
Devonian and a regressive maximum sequence boundary ended the Kaskaskia I sequence. 
Deposition of the Kinderhook Shale began the Kaskaskia II sequence, while the sea level was at 
lowstand and ended during transgressive conditions. (Figure 6). Sea was depressed from the 
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Maximum regression at the end of the Devonian which ended the Kaskaskia I sequence. Sea 
level rose rapidly in early Kinderhookian time and persisted until early Osagean time at which 
point sea level reached a first order maximum flooding interval. The Kinderhook Shale was a 
lowstand wedge deposited in shallow seas. 
In the study area, the average thickness of the Kinderhook Shale is 33ft and can be up to 
80ft thick in the northern portion of the study area near the state line between Oklahoma and 
Kansas. The Kinderhook Shale has much lower gamma-ray values than the Woodford Shale in 
the range of 75-150 API units.  In this study, the basal contact of the Kinderhook Shale and the 
Woodford was adopted from oil and gas industry picks. The boundary is defined by a dramatic 
change in the gamma-ray log from approximately 140-150 API units in the basal Kinderhook 
Shale to 250-400 API units at the top of the Woodford Shale.  The upper contact of the 
Kinderhook Shale with the overlying St. Joe Group is a sharp change in gamma-ray from 140-
150 API units in the Kinderhook to less than 40 API units in the St. Joe.  The type contact and 
lithologic character of the Kinderhook Shale in the dataset is illustrated in Figure 8.  The basal 
portion of the Kinderhook Shale is notably more quartz-rich than the Woodford Formation. It’s 
interpreted that the quartz content is related to a siliciclastic point source that was active in 
delivering terrigenous detritus to the basin during the early portion of the Kinderhookian series. 
This siliciclastic input was greatest while base level was still depressed from the previous 
regressive maximum. Initially, interpretation of the Kinderhook Shale isopach map in the study 
area were troubling because they showed greater thicknesses toward the coastline. It was initially 
expected that shale thicknesses would be thicker towards the actively subsiding Anadarko Basin 
and thinner towards the coastline. After the discovery that the Kinderhook Shale is composed of 
siliclastic detritus, the thickness map fits a model of deposition in which a clastic point source 
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originating in the north is contributing to the thicknesses of the Kinderhook Shale proximal to 
the paleo-coastline (Figure 9).  The trend of siliciclastic content in the Kinderhook Shale can also 
be observed on the dip Cross-section C-C’ (Figure 23) by gamma ray values that increase 
towards the southeast, and decrease towards the northwest. A fining upward profile shown in 
well log data in the Kinderhookian and a lower volume of quartz in the upper portion of the 
Formation are evidence that conditions change from lowstand to transgression during deposition 
of Kinderhook Shale. Base level continued to rise, and the depositional response was fewer 
clastics delivered to the distal portion of the basin.  
A recent study by Mazullo et al. (2009) states that in some areas near uplifted regions 
such as the Nemaha Uplift, the Kinderhook Shale is absent due to erosion before the deposition 
of the St. Joe Formation. A cross section of this study shows that the Kinderhookian thickness is 
relatively unaffected by the uplift (Figure 10).  This transect across the Nemaha ridge is in a 
location where almost the entire Mississippian section is missing due to the Early Pennyslvanian 
erosion. Also, there is no evidence in the global eustacy curve to support a sea level fall that 
could have exposed the Kinderhook Shale deposits above base level before the deposition of St. 
Joe limestone (Figure 6). The Kinderhookian Shale deposits are point sources terrigenous silts 




Up to 35% volume fraction 
of quartz in the Kinderhook 
Shale 
Figure 8. Geophysical log of Trent #135 SWD, Garfield County, Oklahoma. Lithologic 
interpretation log in column 2  indicates that the Kinderhook shale is more quartz-rich than 
the Woodford Shale. The lower gamma ray values of the Kinderhook shale relative to the 
Woodford indicate an environment of deposition that is relatively shallower in depth and 
more proximal to a siliciclastic point source than the Woodford Shale. Lithology log shows 
volume quartz in yellow, volume carbonate in blue, and volume shale in gray. Depths are in 




Figure 9: Thickness Isopach of Kinderhook Shale shows that the Kinderhook Shale was influenced by point source silicilastics, thinner areas nearing the Anadarko Basin reflect a depositional environment with slower 
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Figure 10. This figure illustrates that Kinderhook Shale is present on the Nemaha Ridge and that there is little evidence for post-Kinderhookian, pre-Compton erosion of the shale. The cross-section also illustrates the post -
Mississippian erosion that took place in this region. 
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Nemaha Ridge (Flattened on Kinderhook Shale)
HS=1375












4.2.2 ST. JOE GROUP 
The St. Joe Group refers to three formations of Kinderhookian and early Osagean 
limestones and shales that overly the Kinderhook Shale.  Mazzullo et al. (2009) describe the 
relationship between the Kinderhook Shale and the St. Joe Group as unconformable to 
conformable depending on the location and proximity to paleohighs. The group was deposited on 
a broad open ramp in shallow seas in relatively deep water during a transgression. High 
frequency eustatic fluctuations dictated the amount of clean carbonate or background facies 
deposited. 
4.2.2.1 COMPTON FORMATION 
 The Compton Formation, the oldest member of the St. Joe Group, is a clean limestone. 
In northwest Arkansas, and southern Missouri, it can be seen in outcrops and is characterized by 
its chert-free appearance. In well logs, the Compton is very clean carbonate and highly resistive 
(100-200 Ohm-m). It is usually very low porosity and is not a reservoir interval. The 
photoelectric log in the Compton Formation reads 4-5 barns/electrons due to its lack of chert and 
calcite-rich composition. The Compton is present throughout the dataset and has an average 
thickness of 7ft. Some areas, which are three times as thicker than average, show evidence of 
mounds which may be olistoliths or waulsortian mounds (Figure 12). The distribution of these 
structures is in southwestern and central Alfalfa County. This location falls within the Compton, 
Pierson reef trend interpretation of Mazullo et al., (2009).  The Compton limestone was 
deposited below fair weather wave base and above storm weather wave base. The ramp crest was 
relatively deep, and the vertical relief of
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mounds on the ramp crest was minimal (Hanford, 2013).   The Compton is overlain by the 





Figure 11.  This figure depicts the depositional environment of the St. Joe Formation during 
Kinderhookian and early Osagean time. This study area has Pierson and Compton mounds  in the 
ramp crest and mid-outer ramp environments. These mounds may be mud supported Waulsortian 
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Figure 12. Compton Isopach  map shows that carbonate sedimentation rates were low  and the environment of depositions was 
relatively deep water, the low relief ramp crest was  probably at or below fair weather wave base and in the area of southern Alfalfa 







4.2.2.2 NORTHVIEW FORMATION 
The Northview is a light grey to green shale in outcrop and is major evidence that sea 
level rise was continuing throughout Kinderhookian time. The Northview Formation is absent on 
the Nemaha Ridge, and up to 130ft thick in the westernmost part of the dataset in Woods 
County.  Hanford (2013) describes the Northview in northwest Arkansas and Missouri outcrops 
to be deposited in sigmoidal clinoform geometries that display silt-rich shallowing upwards 
sequences near the shelf break and condensed calcareous facies in the more distal slope setting 
(Figure 13). In the subsurface of north-central Oklahoma, the Formation top of the 
Kinderhookian can be sharp to gradational. The gradational shallowing upwards boundary of the 
Northview top is found west of the Alfalfa County line, east of this line, the Northview 
Formation has a sharp top and a significantly more condensed package (Figure 14). These 
findings validate Hanford’s hypothesis, but they also bring up more questions.  The Northview 
thickness increases to the west. Is this due to greater subsidence rates and accommodation space? 
Also the change from the gradational Northview to the condensed Northview is very abrupt, did 
penecontemporaneous faulting related to the Pratt Anticline cause a sudden increase in 
accommodation space to the west of the Woods County line? On average the Northview is 25ft 
thick (Figure 15) and in well logs the Northview ranges from 50-90 API units of gamma 
radiation and values of resistivity between 10-20 Ohm/meters. The Northview is easily 
distinguishable from the Compton and the Pierson by having lower resistivity, even in regions 
where the Northview exhibits lower gamma radiation values that mimic the Pierson Formation. 
The Northview is the most persistent unit of the St. Joe throughout the dataset, unlike the 





Figure 13. Although the Northview Formation does not produce dramatic clinoforms in this 
study area, shallowing upwards appearances are seen in the logs closer to the shelf edge and 





















































































































































































































































































Nemaha Ridge (Flattened on Kinderhook Shale)
HS=4042











































Figure 14. Cross Section b to b’ shows the change of the Northview Formation from a 
transitional shallowing upwards formation top to a condensed abrupt formation top in 







Figure 15. Isopach of Northview Formation shows the rapid thickening to the west near the Woods County line. A hypothesis for this 
anomaly is syndepositional faulting related to the Pratt Anticline that created increased accommodation space west of the 
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4.2.2.3 PIERSON FORMATION 
The Pierson is the youngest of the St. Joe Group and is the only member that is of 
Osagean age.  It is a very clean carbonate that is topped by an easily recognizable condensed 
section. These condensed radioactive intervals at the top of the Pierson signify a high frequency 
surface, which marks the transgressive maximum flooding stage of the first third order cycle of 
the Kaskaskia II sequence (Figures 6 ,7 and 16) 
4.3 SUMMARY 
 Kinderhookian and Lower Osagean marine deposits of the north-central Oklahoma were 
characterized by transgressive limestones and shales. The Kinderhook shale and Northview 
display a varying amount of silica relative to the proximity to point sources and base level.  The 
Compton and Pierson Formations were low relief because sedimentation rates were much slower 




Figure 16. The Pierson Formation records two fining upward sequences coalescing into a 
condensed maximum flooding interval that persists during Lower Osage deposition. Notice the 
high values of gamma-ray indicating low rates of sedimentation in a distal starved setting.  
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CHAPTER 5 OSAGE STRATIGRAPHY 
5.1 OSAGE STRATIGRAPHY 
This chapter discusses the interpretation made on the strata younger than Pierson and 
older than Meramecian units. Several diastems within the Osage strata were identified during the 
interpretation phase of this study, which separate individual clinoforms or compartments. For 
simplicity, these clinoforms have been lumped into two informal units named the Lower Osage 
and Upper Osage.  
5.2 LOWER OSAGE 
Osagean seas were at a relative high during deposition of the Lower Osage due to the 
third order maximum flooding interval that was achieved nearing the end of Pierson deposition 
and the beginning of Lower Osage deposition. The high resolution stratigraphic mapping area of 
this study falls within the mid–outer ramp and distal starved ramp environment during this time.  
The ramp crest that was active in the Pierson was drowned in early Osagean time and the 
carbonate factory back-stepped north of the Oklahoma border into south Kansas.  Lower Osage 
deposits are primarily condensed intervals of calcareous mudstones that buried the low relief St. 
Joe Limestone mounds. These deposits were primarily deposited on the mid-outer ramp slope, 
below fair weather wave base, but above storm weather wave base, and the starved outer ramp, 
below storm weather wave base. The thickest part is in the northwest portion of Alfalfa County 
close to the shelf margin and it pinches out in northwest Garfield County (Figure 18). Due to the 
deeper less oxygenated environment of deposition, and the low sedimentation rates due to the 
distance from the shelf, gamma ray values are commonly in the 40-65 API unit range in logs. 
Organic material and silt are in higher concentrations due to the maximum flooding conditions 
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during the early Osagean. Furthermore, gamma ray values increase towards the south because 
conditions are less oxygenated and more distal (Figure 19). Chert content is also relatively high 
in this unit, and Photoelectric Log values are commonly in the 2-3 barns/electron range.  A “zig-
zag” pattern from 2-3 is commonly observed, which indicates an interbedded succession of 
calcisiltites and penecontemporaneous chert. Sources of silica from which chert in the lower 
Osage could be formed from include: sponge spicules, dissolution of volcanic ash, hydrothermal 
emanations or weathering of silica–rich rocks (Rogers, 2001).  It is a noteworthy observation that 
the most silica-rich rocks in this study formed in distally starved environments in transgressive 
systems tracts.  Intervals within the Lower Osage unit displaying these traits are likely Reeds 
Springs Formation or Cowley Facies. This unit has limited conventional reservoir potential. Log 
data indicates very low matrix porosity, which is caused by occlusion of pore space by 
remobilization of interstitial space with silica. This unit may have unconventional potential and 







Figure 17. This conceptual model typifies the depositional environment of the Osagean deposits 
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5.3 UPPER OSAGE 
During Upper Osagean time, carbonate production from the shelf caught up with base 
level rise and subsidence rates. Transported carbonates prograded from the ramp crest to the 
mid-outer ramp slope environment below fair weather wave base.  These conditions persisted 
throughout the most of the Osagean Series until a drop in base level caused a forced regression 
(Figure 4). This regressive maximum ended the first third order sequence of the Kaskaskia II 
sequence. The Upper Osagean unit represents the highstand and falling stand systems tracts of 
the Osagean Series. 
 The Upper Osage unit is present in the study area and has a sigmoidal clinoform 
geometry. The clinoform is oriented northwest to southeast. It thins onto the paleo outer ramp 
crest in northwest Alfalfa County, and downlaps in south-eastern Alfalfa County and 
northwestern Garfield County. The basal downlap occurs near the paleo St. Joe ramp crest. The 
bathymetric relief in this area from the buildups reduced the slope angle of the ramp and may 
have limited the progradational travel of the Upper Osage. This zone is very clean and has very 
low gamma-ray values in the 15-30 API unit range. The values are lowest in the foreset of the 
clinoform, where the accumulation rate of carbonate detritus was greatest and background 
sedimentation rates were minimal. Gamma values decrease upwards in the unit indicating a 
shallowing upward sequence. This suggests that carbonate production began to outpace base 
level rise, giving way to forced regressive conditions.  The photoelectric log value range of 2.25-
4.5 barns/electrons in the unit indicates carbonate facies of clean carbonate to cherty dolomite. 
Chert and dolomite rich intervals are located in the shallower regions of the clinoform.  
 The top of the Upper Osage is bounded by a third order sequence boundary that ends the 
Osagean series and the first third order cycle of the Kaskaskia II sequence. This regressive 
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maximum occurred at approximately ~340mya (Hanford, 2013). This eustatic drop left much of 
the cratonic ramp crest and mid-outer ramp and slope exposed before deposition of younger 
Meramecian strata. Although the exposure was widespread, the environment of the distal starved 
outer ramp was left below sea level and was minimally changed. Therefore, the third order 
sequence boundary becomes a correlative conformity as it passes into the distal environment. 
The amount of time represented by the unconformity was greatest to the north and decreases to 
the south. 
The top of the Osagean unconformity was a major factor in creating reservoir in the mid-
continent carbonates. The Upper Osage unit in particular is the downdip equivalent of the 
Osagean “chat” reservoirs in south Kansas that are flanking the Pratt Anticline.  Porosity in the 
Upper Osage increases to the northwest, indicating that time of subaerial exposure was directly 
related to the amount of porosity created. Average density porosity values of the unit approach 
20% in the northwest and decrease steadily to the southwest. Density porosity within each well is 





Figure 20. Isopach Map of the Upper Osage zone. The isopach illustrates the sigmoidal pattern 
of clinoform progradation during the Osagean. The topset is in Northwest Alfalfa County and the 
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Figure 21. Density porosity map of the Upper Osage interval shows that porosity approaches 
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Figure 22. Average Photoelectric effect factor (barns/electrons) of the Upper Osage zone shows 
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Figure 23. Cross section C-C’ Shows the progradational wedge of Osage strata overlying the Pierson and Kinderhookian strata. Low gamma-ray colors are light blues, higher gamma-ray values are green, to yellow and 












CHAPTER 6 MERAMECIAN STRATIGRAPHY 
The Meramecian epoch begins the second, third order, transgressive-regressive cycle of 
the Kaskaskia II sequence. Sea level rise persisted through most of the Meramecian, and sea 
level fall began in early Chesterian, until reaching a regressive maximum that ends the Kaskaskia 
II sequence. This third order cycle is within a second order, regressive cycle and the dominant 
systems tract within most of the Meramecian is highstand.  
In the study area, subsurface Meramecian strata reach thicknesses of over 575ft in south-
central Grant County (Figure 24). The Meramecian interval is comprised of two formal geologic 
formation units, the Cowley Facies and the Warsaw Limestone. In this study, the strata are 
divided into an upper and lower Meramecian within which several diastems have been picked to 
further compartmentalize the clinoforms. The lower Meramecian was interpreted to be mostly a 






Figure 24.  True vertical thickness isopach of Meramecian strata. Thickening towards the 
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6.1 LOWER MERAMECIAN 
The Lower Meramecian interval begins with a sequence bounding transgressive surface 
atop the upper Osage unconformity. The interval comprises four fourth order cycles within the 
transgressive phase of a third order cycle. Early Meramecian sea level rise flooded the broad 
open platform that was exposed during the peak of the upper Osage regressive maximum. 
Bedded cherts and calcisiltites were deposited unconformably over Upper Osage highstand strata 
in the ramp crest and mid-outer ramp crest setting. These deposits are “healing phase” deposits 
which smoothed the bathymetric profile of the karsted Upper Osage deposits (Catuneanu, 2006).  
These transgressive facies lie conformably over Osagean strata in the distal starved ramp setting 
which was minimally changed during the previous third order regression. Gamma-ray values in 
the interval are 25-50 API range. Higher gamma-ray values are encountered in well logs of this 
interval due to the mud-and silt-rich nature of these deposits. The thicknesses of lower 
Meramecian strata are much less than the upper Meramecian because sedimentation rates were 
outpaced by base level rise during this cycle. The lower Meramecian is very similar to the lower 
Osage lithologically and includes abundant penecontemporaneous chert. In some distal areas that 
were not exposed during the Osage unconformity, there is little lithologic change between the 
Osagean and Meramecian strata, making the correlative unconformity difficult to identify. 
Lower Meramec has high penecontemporaneous chert content and little matrix porosity. 
It has limited potential as a conventional reservoir. Reservoir intervals within this unit are 
confined to chert conglomerate debris flow deposits in a clay matrix, these deposits are 
composed of unconsolidated weathered detritus eroded from the Upper Osage Shelf. They 
represent discontinuous localized, erosional talus deposits that are not easily mappable (See 7.2.1 
Mississippi “Chat”,Type 3). As a result, average neutron density  
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Figure 25. Average density porosity map of the Lower Meramecian zone shows that the bedded 
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maps of the interval are pattern-less (Figure 25), and the low porosity intervals are most likely 
related to the concentration of penecontemporaneous chert. 
6.2 UPPER MERAMECIAN 
 The Upper Meramecian contains a highstand wedge of sediment. Depositional trends are 
dominated by progradation and aggradation. Sedimentation rates were the greatest during this 
interval and outpaced the rates of base level rise and/or subsidence. Carbonate production on the 
shelf began to reach keep-up conditions.  
Up to 575 feet of Meramecian strata were deposited in the study area as a result of 
continual basin subsidence. The carbonate in this interval is very clean and does not contain a 
penecontemporaneous chert rich basinal facies.  Gamma-ray values within the interval are low 
with ranges of 10 to 15 API units in the northern area of the dataset, and slightly higher values in 
the 20s API units in southern Grant and northern Garfield. The increase in radiation occurring in 
the southeastern portion of the study area is interpreted to represent a position on the margin of 
the mid-outer ramp shelf and distal starved basin setting.  
Nearing the end of the Kaskaskia II sequence, the highstand system tract proliferated 
when distal starved areas of the late Osagean had become overrun with shelf margin detritus.  
Eventually, sedimentation of carbonate outpaced the accommodation space. This was nearing a 
period of maximum cratonic emergence that ended the carbonate factory (Figure 7.) During early 
Pennsylvanian, Mississippian strata were heavily eroded. 
The upper Meramecian has conventional reservoir potential in an interval referred to as 
the “chat.” Many different reservoirs are referred to as “chat,” and this will be addressed in the 
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next chapter, this particular type, (type four) has the highest porosities in central Grant county 




Figure 26. Average density porosity contour map of the Meramecian type four “chat” zone. 
Increasing porosity to the northeast reflects the influence of the Nemaha ridge increasing the 
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Figure 27.  Stratigraphic dip cross-section C-C’ hung on Kinderhook Shale. Curve one (left of depth track) is gamma-ray; curve two is 
density porosity with yellow shading with a cutoff of 10 porosity units or greater.  The red unconformity trace at the top of the Upper 
Osage unit is the third order unconformity that ends the first third order cycle of the Kaskaskia II sequence. The unconformity 
becomes a correlative conformity surface somewhere between the Mckelvy Trust and the Taylor. The green unconformity trace is the 
























CHAPTER 7 STRATIGRAPHIC IMPLICATIONS ON RESERVOIR SYSTEMS 
The formation, distribution, and quality of Mississippian carbonate reservoirs of the mid-
continent are controlled by stratigraphic, tectonic, and diagenetic factors. Although this study 
does not focus on syndepositional tectonics or diagenesis, the stratigraphic interpretations of this 
study have direct implications on the development and distribution of reservoir intervals within a 
sequence stratigraphic framework. For example, the presence or absence of Meramecian strata in 
an area can reveal the degree of uplift based the volume of Mississippian strata removed. The 
purpose of this chapter is to describe the types of reservoirs present in the study area and briefly 
discuss the influences of sequence stratigraphic development on the creation and distribution of 
reservoir facies.  
7.1 RESERVOIR TYPES 
 This section outlines the reservoir types in the study, and their controlling formations, 
depositional environments, and ages. The reservoirs context within the sequence stratigraphic 
framework identifies its formation mechanism. The author acknowledges that this is not a 
complete list of all the reservoir types that may be found within the study area, certainly there are 
other types and many reservoirs encountered may be a combination of a few types described 
here. A successful exploration and development program in the Mississippian of north-central 
Oklahoma must be cognizant of the different reservoir types and the differences in completion 






7.2.1 MISSISSIPPI “CHAT” 
As mentioned previously, the term “chat” originated as an informal drillers term coined 
because the chattering noise the drilling rig would make when drilling through the chert-rich 
interval of the Mississippian section. Unfortunately, the term is overused and refers to several 
different lithofacies types and of different ages.  This study recognizes four different types of 
“chat” modified from Montgomery et al. (1998), which have different lithofacies and ages, 
including: 1) Primary depositional weathered chert breccia found below the top of Osage third 
order unconformity and overlain with Meramecian strata (Figure 29). 2) A twice weathered chert 
breccia located at the top of Osage unconformity and truncated by the basal Pennsylvanian 
unconformity. 3) Redeposited weathered upper Osage chert conglomerate debris flow/ talus 
deposits in a clay matrix located in the healing phase deposits in the Lower Meramecian strata 
directly overlying the Osage unconformity, and 4) Weathered chert breccia of upper Meramecian 
strata just below the basal Pennsylvanian unconformity. 
 Type one and two are found juxtaposed to structural features such as the Nemaha Ridge 
and the Pratt Anticline.  Secondary porosity in type one chert was created during the third order 
maximum regression at the end of the Osagean. Type two “chat” is less porous than its updip 
counterpart. Type two “chat” has porosities approaching 20%. This reservoir is present in the 
informal upper Osage unit of the study area. It has less porosity than the up-dip “chat” in 
southern Kansas because it was exposed for a shorter period of time. Type one “chat” is the most 
easily mappable reservoir within the dataset, simply because of its presence under the prominent 
Osage unconformity that can be easily identified on well logs.  Type two “chat” had at least two 
episodes of alteration, the first episode happened at the end of the first third order cycle at the 
end of the Osagean, and the second one is at the unconformity ending the Kaskaskia II sequence. 
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Rogers (2001) suggests this episodic exposure model of the development of type two chat 
(Figure 28). Type two “chat” is restricted to the highest updip areas in southern Kansas and Kay 
County in Oklahoma, near the Nemaha Ridge and Pratt Anticline, where long duration of erosion 
and subsequent alteration processes occurred in Late Mississippian and Early Pennsylvanian. 
Both types of “chat” are weathered highstand deposits of upper Osage strata in which secondary 
porosity development was created during maximum regression. Type two “chat” is the original 
“chat” reservoir type that has the highest porosity and permeability and had been commonly 
exploited through vertical drilling practice. The productive “chat” interval has 25-30% porosity 
and very low resistivity values. These “wet” resistivity values yield non-productive results from 
classical Archie petrophysical methods, yet the chat reservoir makes commercial wells when 
water saturations are less than 80% (Rogers, 2001).  Type three “chat” is found in lower 
Meramecian deposits, and represent a debris flow of materials weathered from the upper Osage 
at maximum regression. The type locality of type three “chat” is located in Kansas as described 
by Montgomery et al, (1998). The fourth type of “chat” is Meramecian and found below the 
basal Pennsylvanian unconformity. This weathered “chat” is located away from the heavily 
uplifted areas such as southwestern Grant County, as a result this chat is the youngest reservoir 
facies in the dataset. 
7.2.2 TRIPOLITIC CHERT 
It’s been suggested by Manger and Evans (2012) and Mazzullo and others (2009) that the 
tripolitic bedded chert in the upper Osagean portion of the  Mississippian outcrop located on 
Highway 71 in Jane, Missouri is analogous to the Osagean reservoirs in the subsurface of 
Oklahoma. This interval was formed through meteoric groundwater leaching of calcite from 
partially silica replaced, bedded limestones of the upper Osage. This outcrop analog is found in 
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the equivalent stratigraphic position as type one and two “chat” in the subsurface. Unfortunately, 
without core data confirmation, differentiation of the porous reservoir found in the upper Osage 
unit of the study area as weathered chert breccia “chat” or a groundwater leached bedded 
tripolite based on well logs is not possible. It’s conceivable that the tripolitic chert is a downip 
equivalent to the brecciated weathered “chat”. 
7.2.3 MISSISSIPPI DENSE 
The dense section of the Reeds Spring, Cowley or equivalent intervals has average 
porosity values of 2-5% and permeability of <1 md. It is the lowest quality reservoir in 
conventional terms, but has garnered more attention in recent years. Multi-stage hydraulic 
fracturing completion techniques can add permeability to the reservoir, and may add as much as 
several porosity percent to the net porosity used in volumetric oil in place calculations 
(Rottmann, 2011). Friesenhahn, (2012) concludes that gas-effect crossover is a better 
hydrocarbon pay indicator than resistivity and porosity in this type of reservoir because a major 
component of storage is within fracture porosity. 
7.2.4 FRACTURED CHERT 
 The fractured chert reservoir mainly occurs in the lower Osage and lower Meramecian 
units of this study. These are usually bedded transgressive deposits that are characterized by 
open conductive fractures and low matrix porosity. Fractured reservoir facies occur mostly in the 
chert-rich limestone sections of the Lower Osage and Lower Meramecian, because the high 
concentration of silica adds to its brittleness. Fractured reservoirs are identified on logs as having 
a “zig-zag” or noisy deep induction resistivity log; the resistivity log will not appear this way if 
fractures are healed, however. Another investigative tool for identifying fractures and faults, is 
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the Formation Micro-Imager tool. In general, fractures help the overall permeability and storage 
capacity of the reservoir; this is especially true in fractured reservoirs of the Mississippi Dense 
type. Large fracture networks and faults however, are destructive to reservoir performance. 




Figure 28.  Conceptual models of deposition and diagenesis of two different chat types. Setting 
one involves shelf-erosion and of cherty limestone and redeposition downslope. This setting is 
the depositional model that fits chat type 3.  Setting two involves weathering in place during 




Figure 29. Conceptual cross-section model of “chat” reservoirs illustrates the stratigraphic position of “chat”  reservoirs in the 
subsurface of north-central Oklahoma and south-central Kansas. The NW end of the model is towards the Pratt anticline and the SE 
end of the model is away from the uplifted areas in approximately southern Grant County. The conceptual cross section is hung on the 
































Chat 1: Below the Osagean unconformity and truncated with the basal Pennsylvanian unconformity 
Chat 2: Below the Osagean unconformity and overlain by Meramecian deposits 
Chat 3: Talus deposits of eroded Upper Osage strata after sea level rise in Meramecian 












7.3 IMPLICATIONS  
The conventional ”chat” reservoirs of all the types described were formed as a result of 
alteration during base level fall during the lowstand system tract. It should be noted that the age 
of the constituent carbonate making up the “chat” varies by location, and the alteration 
mechanisms of secondary porosity development are still under debate. The “chat” is always 
composed of either transported or in-situ altered material derived from the highstand prism of a 
shallowing upwards cycle. It is widely accepted that the influence of base level fall is vital to 
“chat” formation.  Although it’s true that the falling stage and lowstand systems tract were the 
most important sequences for creating the conventional “chat” reservoirs of the midcontinent, 
unconventional pay can also be associated with the transgressive sequences within the area.  The 
Lower Meramecian and the Lower Osagean strata in the dataset are analogous to the Reeds 
Spring reservoir characterized by Friesenhahn, (2012) in Osage County, Oklahoma. A 
petrophysical evaluation of these transgressive deposits can provide additional evidence for its 












CHAPTER 8 CONCLUSIONS 
This study identified and extended many time stratigraphic boundaries throughout the 
subsurface of north-central Oklahoma. Conventional and unconventional reservoirs were 
identified and put within a sequence stratigraphic context. The stratigraphic interpretations of 
this study have implications on the distribution of reservoir intervals, and their context in the 
sequence stratigraphic framework. Conclusions were drawn with respect to, stratigraphic, 
reservoir, and explorative and developmental insights. These conclusions are given in their 
respective categories below. 
8.1 STRATIGRAPHIC 
 The ramp crest was deep in Kinderhookian time, mostly below fair weather wave base, 
and located ~40 miles south of the Kansas-Oklahoma border. In early Osagean, the 
carbonate factory backstepped into south Kansas in response to base level rise. During 
the Osagean and  Meramecian, progradational deposits migrated south  to form the 
shallow platform that extended into north-central Oklahoma.  
 During the Mississippian, transported carbonates prograded basinward from the open 
platform down the outer ramp and slope in gravity flows and storm currents. This study 
concludes that the Pratt Anticline was an active structural element in the Osagean and 
Meramecian that influenced progradation directions of transported carbonates to the 
southeast. 
 Unlike previous interpretations,(Mazzullo et al., 2009) erosion of Kinderhook shale did 
not occur before the deposition of Compton Limestone. 
 The thickness of Mississippian strata preserved in the study area is controlled by two 
main factors: (1) The relative position proximal to sediment delivery mechanisms 
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throughout the Kaskaskia II sequence, ie. distance from shelf; (2) Proximity to late 
Mississippian/Early Pennsylvanian uplifts. ie. Greater thicknesses of late Mississippian 
strata remain in areas away from uplifts. 
 
8.2 RESERVOIR 
 The falling stand systems tract during of the Upper Osage zone terminated with a 
maximum regression and third order sequence boundary that exposed much of the 
cratonic shallow shelf and shelf margin. Reservoir development occurred in the Osagean 
strata below the unconformity, and, above the unconformity in Early Meramecian talus 
deposits which derived material from the exposed shelf.  This was the second most 
significant exposure event with respect to forming secondary porosity in the 
Mississippian, second only to the Kaskaskia II type one sequence ending Mississippian 
Pennsylvanian unconformity.   
 The reservoir facies found below the Upper Osage unconformity are the downdip coeval 
strata of the conventional Osage “chat” reservoirs of south-central Kansas. In Kansas, the 
Osage unit is truncated by the basal Pennsylvanian unconformity. Porosity in the Upper 
Osage reservoirs of north-central Oklahoma increases in the up-dip direction (northwest), 






8.3 INIGHTS FOR EXPLORATION AND DEVELOPMENT 
 Stratigraphic dips of Osagean and Meramecian strata differ from the dip angle of the top 
of Mississippian section by up to a degree. This difference should be accounted for when 
planning horizontal well within a particular stratigraphic zone. 
 The most prospective areas for drilling the Mississippian lime play are those that have 
higher than average baseline density porosity, and ample crossover in the Mississippi 
Dense reservoir of either Lower Osage or Lower Meramecian unit. Results can be 
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Appendix A.4: Cross Section C-C’ 
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Appendix B: Histogram of Dip azimuth directions of the Upper Osage top surface 
 
 
 
 
 
76 
 
